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 ,QWURGXFWLRQ
7KH GLVVLPLODU PHWDOV MRLQLQJ RI VWDLQOHVV VWHHO DQG FRSSHU DUH KDYLQJ VRPH DSSOLFDWLRQV LQ QXFOHDU LQGXVWU\
FKHPLFDODQGDXWRPRELOHVHFWRUV7KHMRLQLQJSURFHVVSRVHVFKDOOHQJHVLQWKHZHOGSURFHVVGXHWRWKHFRPSOH[PHOW
SRRO GHYHORSPHQW RZLQJ WR WKH GLIIHUHQFH LQ WKHPDWHULDO SURSHUWLHV OLNHPHOWLQJ SRLQW WKHUPDO FRQGXFWLYLW\ DQG
RWKHUV 7KH MRLQLQJ SURFHVVHV OLNH EUD]LQJ ODVHU EHDPZHOGLQJ DQG HOHFWURQ EHDPZHOGLQJ DUH DWWHPSWHG IRU WKH
PDQXIDFWXUHRIFRSSHUDQGVWHHO MRLQWVZLWKGLIIHUHQW UHTXLUHPHQWV6LPXODWLRQRIGLVVLPLODU MRLQLQJSURFHVVJLYHV
WKHNQRZOHGJHRIWKHYDULRXVVWDWHVRIWKHPDWHULDOGXULQJWKHSURFHVVZLWKUHVSHFWWRWKHWHPSHUDWXUHILHOGUHVLGXDO
VWUHVV DQG GHIRUPDWLRQV $16<6 EDVHG VLPXODWLRQV ZHUH DWWHPSWHG IRU ZHOGLQJ SURFHVV IRU XQGHUVWDQGLQJ E\
YDULRXVDXWKRUV IRUVLPLODUDQGGLVVLPLODUPHWDOV+RZHYHU WKHUHSRUWVRQVLPXODWLRQVWXGLHVRQFRSSHUDQGVWHHOV
ZHUH YHU\ OHVV UHSRUWHG GXH WR WKH FRPSOH[LW\ LQYROYHG LQ WKH DVVXPSWLRQ SHUWDLQLQJ WR WKH FRQVLGHUDWLRQV OLNH
FRQYHFWLRQDQGQRQOLQLHUPHWKRGRORJLHVWREHWDNHQLQWRWKH PRGHOV:KLOHLQWKHSURFHVVRIMRLQLQJVROXELOLW\RI
FRSSHU DQG VWHHOV SDUWLFXODWHV UHPDLQV XQGLVVROYHG FRQVWLWXHQWVZLWK LQFRPSOHWHSKDVH WUDQVIRUPDWLRQVGXH WR WKH
FRROLQJUDWHV LQYROYHGZLWKVROLGLILFDWLRQ6LPXODWLRQRIIHUV WKH LQVLJKWXQGHUVWDQGLQJ RI WKHFRPSOH[ WHPSHUDWXUH
VWDWHDQGVWUHVVGLVWULEXWLRQLQDQGDURXQGWKHMRLQWORFDWLRQVZLWKSURSHUVHOHFWLRQRILQSXWSDUDPHWHUV
&KDQGUDSXWOD	%HOHJXQGX 5DPDPXUWK\ KDYHJLYHQ WKHEDVLF ILQLWHHOHPHQWPRGHOV IRU VWUXFWXUDO
DQGKHDWWUDQVIHUSURFHVVHV)URPWKHVH''	'PRGHOV IRUILQLWHHOHPHQWVLPXODWLRQFDQEHPRGHOHG%RWK
VWHDG\VWDWHDQGWUDQVLHQWFRQGLWLRQVDUHJLYHQ/LQHDUTXDGUDWLFVKDSHIXQFWLRQVFDQEHWDNHQDVSHUWKHDFFXUDF\
UHTXLUHPHQW*ROGDNKDVPRGHOHGZHOGLQJVLPXODWLRQXVLQJ)LQLWHHOHPHQWPHWKRGLQVLJKWVWRWKHPRGHOLQJ
KHDW IOX[ DV HOOLSVRLG DQG GRXEOH HOOLSVRLGPRGHOV$QRWKHU LPSRUWDQW VKDSH LV D*DXVVLDQ GLVWULEXWLRQZKLFK LV
DSSOLFDEOH WR/DVHU(OHFWURQEHDPRU3ODVPDZHOGLQJ7KHVHPRGHOVZHUHHODERUDWHGDQGXVHG LQ)LQLWHHOHPHQW
VLPXODWLRQE\$NHOOD5DPHVK	+DULQDGK$WKUHHGLPHQVLRQDOZHOGLQJPRGHOIRU/DVHUZHOGLQJZDVGRQH
8VH RI )UXVWXP HOOLSVRLG 	 *DXVVLDQ KHDW PRGHV ZDV PRGHOHG 7KH SUHVHQW VWXG\ ZDV IRFXVHG RQ WKH
XQGHUVWDQGLQJRIWKHGLVVLPLODUFRSSHUDQGVWHHOSODWHVMRLQLQJZLWKVLPXODWLRQXVLQJ$16<6/DVHUEHDPMRLQLQJ
PHWKRGZDVWDNHQLQWRFRQVLGHUDWLRQDQGWKHGHYHORSHGFRQVWDQWKHDWIOX[ZLWK*DXVVLDQEHDPVRXUFHZDVXVHGE\
WKH DXWKRUV$ NH\KROH KHDW WUDQVIHU DSSOLFDWLRQZDV GRQH DQG FRPSDUHGZLWK FRQGXFWLRQPRGH RI KHDW WUDQVIHU
7XUVNL	(GZDUGV  LQWURGXFHGDFRQWRXUPHWKRG IRUPHDVXULQJ UHVLGXDO VWUHVVHV DW VHFWLRQV LQ WKHSODWH ,W
ZRXOGEH LQWHUHVWLQJ WR DSSO\ WKLVPHWKRG IRUZHOGHGGLVVLPLODUPDWHULDOV WKH DFWXDO VWUHVV GLVWULEXWLRQZRXOGEH
HYDOXDWHG
6DFKLQ 6 HW DO  JDYH D ' DQDO\VLVZLWK )2575$1SURJUDPPLQJ WR DQDO\]H&RSSHU WR 6WHHO GLVVLPLODU
MRLQW7KHUHVLGXDO VWUHVVGLVWULEXWLRQ LQ WUDQVYHUVHGLUHFWLRQDFURVV WKH WUDQVYHUVHGLUHFWLRQ LV DQDO\]HG7KHVWXG\
VKRZHGDFRPSUHVVLYHVWUHVVDWZHOGFHQWUDOOLQHIRUWKLQVHFWLRQHGSODWHVEHORZPPZKHUHDVLWLVWHQVLOHVWUHVV
IRU WKLFNHU VHFWLRQVDERYHPP7KHPHWDO WHPSHUDWXUHKDVQRW UHDFKHG WKHPHOWLQJSRLQW LQHLWKHUPDWHULDO7KH
WKHUPDO HIIHFWVDUHPXFKPRUH VHYHUH WKDQVWUXFWXUDOSDUDPHWHUGLIIHUHQFHV LQGLVVLPLODUPHWDOV MRLQLQJ$OVR WKH
VWXG\RI&RSSHUWR6WDLQOHVVVWHHOLVPRUHLQWHUHVWLQJDVWKHFRQGXFWLYLW\RI&RSSHULVDERXWWLPHVWKDWRIVWHHOLW
ZRXOGEHGLIILFXOWWREULQJ WKHFRSSHUSODWHWRPHOWLQJSRLQWDVKHDWIORZLVIDVWHUWKDQLQ66-RVHSK$HWDO
HYDOXDWHGZHOGLQJRIGLVVLPLODUSLSHVRI)HUULWLF	$XVWHQLWLFPDWHULDO7KLVVWXG\ZDV WRXQGHUVWDQG WKHSRVVLEOH
IDLOXUHPRGHRI)HUULWLF VLGHRI WKH MRLQWDV DSSOLFDEOH WR IDVWEUHHGHU WHVW UHDFWRU)DLOXUHVZHUHDW+$= UHVLGXDO
VWUHVVZDV VHHQDVRQHRI WKHPDLQ UHDVRQV IRU IDWLJXH IDLOXUHV7KH VWXG\ UHVXOWHG LQD VROXWLRQZKHQ ,QFRQHO
EXWWHULQJRQ)HUULWLF VWHHO VLGH UHGXFHG WKH UHVLGXDO VWUHVV DW WKHZHOG MRLQW7KH UHGXFWLRQZDVRQFLUFXPIHUHQWLDO
VWUHVV WKRXJK QRUPDO WHQVLOH VWUHVV UHPDLQHG DW 03D :KHUHDV WKH FLUFXPIHUHQWLDO VWUHVV ZLWKRXW EXWWHULQJ
UHGXFHGIURP03DWR03D$OVRDVWUHVVUHOLHYLQJKHDWWUHDWPHQWZDVDOVRFDUULHGRXWEHIRUH ZHOGLQJ
7KLVSUDFWLFDOVWXG\LQGXFHGIXUWKHULQWHUHVWLQWKHVWXG\RIGLVVLPLODUPHWDOVIRUQXFOHDU UHDFWRUV,Q WKLVVWXG\WKH
DQDO\VLVRI&RSSHUWR6WDLQOHVVVWHHOSODWHVLVFDUULHGRXWE\$16<6,Q1XFOHDUVWUXFWXUHVWKHFRROLQJ&RSSHUSLSHV
QHHGWREHFRQQHFWHGWRWKH66UHDFWRUVKHOOV$VFRSSHULVDEHWWHUFRQGXFWRURIKHDWFRPSDUHGWRVWHHOWHQWLPHV
PRUH WKDQ WKDW RI VWHHO LW ZRXOG EH DQ LGHDO FKRLFH DV D KHDW H[FKDQJHU SURYLGHG D VWURQJ DQG VHFXUH MRLQW LV
SRVVLEOH 7KH SUHVHQW VWXG\ ZDV FDUULHG ZLWK WKUHH GLPHQVLRQDO DQDO\VHV RI WKH WHPSHUDWXUH UHVLGXDO VWUHVV 	
GLVWRUWLRQRIFRSSHUWRVWDLQOHVVVWHHO)LUVWPRGHOLVZLWK6WDLQOHVVVWHHOSODWHVQH[WZLWK&RSSHUSODWHVDQGILQDOO\
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ZLWK GLVVLPLODU PDWHULDOV RI 6WDLQOHVV VWHHO WR &RSSHU 0RGHOLQJ LV FDUULHG RXW ZLWK $QV\V 7KH VWXG\ LV D ILUVW
DQDO\VLV WR XQGHUVWDQG WKHGLVFRQWLQXLW\7KLV LV D IROORZXSRI HDUOLHU VWXG\ZKHUH DQ H[SHULPHQWDO VWXG\E\ WKH
DXWKRUV 6XUHVK $NHOOD 	 5DPHVK . %XGGX  FDXVHG &RSSHU FRQGXFWLQJ KHDW DQG QRW DWWDLQLQJ PHOWLQJ
WHPSHUDWXUHZKHQKHDWIORZZDVVXIILFLHQWWRPHOWVWDLQOHVVVWHHO7KLV DQDO\VLV PRGHOKDVJLYHQVLPLODUSKHQRPHQD
 )RUPDWLRQ	VLPXODWLRQRIZHOGLQJSURFHVV
6WHDG\VWDWHKHDWFRQGXFWLRQ0DQ\VLWXDWLRQVRIKHDWIORZOHDGWRVWHDG\VWDWHSURFHVVHV$KXPDQERG\KDVD
FRQVWDQW WHPSHUDWXUH XQGHU YDU\LQJ H[WHUQDO WKHUPDO ORDGV E\ EDODQFLQJZLWK LQWHUQDO HQHUJ\ JHQHUDWHG$ URRP
WHPSHUDWXUHFDQEHFRQWUROOHGWRDVWDEOHVHW WHPSHUDWXUHE\KDYLQJDLUFRQGLWLRQLQJ V\VWHP$ ZHOGLQJSURFHVVLV
WUDQVLHQW DQG LV LQ DFFXUDWH WRGHDO DV D VWHDG\ VWDWH SURFHVV+RZHYHU GXH WR WKHTXDVLVWDWLF IRUPXODWLRQ D ILUVW
DSSUR[LPDWLRQ ZRXOG EH D VWDWLF PRGHO +HDW IORZ WKURXJK D PHWDO GXH WR FRQGXFWLRQ ZLWK VRPH SRVVLEOH KHDW
HQHUJ\4:P7KHFRQGXFWLRQLQ[\	]IRU DQ RUWKRWURSLFKHDWFRQGXFWLRQPRGHOLVJLYHQ E\)RXULHU¶VODZRI
FRQGXFWLRQ
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)LUVWWKHWHPSHUDWXUH RQWKHERXQGDULHVLVDQHVVHQWLDOERXQGDU\FRQGLWLRQ *HQHUDOO\WKHKHDWIORZLVGXHWRD
WHPSHUDWXUHGLIIHUHQFHDWWKH VXUIDFH ERXQGDULHVZKLFKZRXOGEHDGULYLQJIRUFHIRUWKHKHDWIORZ 7KHERXQGDU\
FRQGLWLRQVJLYHQDUH 7[\]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 ZKHUHK:P R&LVWKHKHDWWUDQVIHUFRHIILFLHQWRUVXUIDFHILOP
FRHIILFLHQWRIWKHVXUURXQGLQJIOXLG7LVPHWDOVXUIDFHWHPSHUDWXUH	 7ɲ ŝƐ WKH IOXLGWHPSHUDWXUH 7KHFRQGXFWHGKHDW
IURPWKHPDWHULDO ZLOOIORZRXWE\FRQYHFWLRQ WRWKHVXUURXQGLQJIOXLG&RQYHFWLRQFRHIILFLHQWGHSHQGVRQQDWXUDORU
LI IORZRI LQHUWJDV LVXVHG LWZLOOGHSHQGRQIORZUDWH $QRWKHUZD\RIKHDW WUDQVIHU LVE\UDGLDWLRQ WKHUDGLDWLRQ
WHUP ıİ77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
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PRGLILHG FRHIILFLHQW KU IRUKRWUROOHGVWHHOSODWHVZLWKDQHUURURIDERXWLV
KU İ7 
5DGLDWLRQ LQFOXVLRQ ZLOO LQFUHDVH VROXWLRQ WLPH E\ DERXW WKUHH WLPHV DQG KHQFH FRPELQHG ZLWK FRQYHFWLRQ 7KH
HOHFWULFDOODVHU(%SODVPDRURWKHUKHDWHQHUJ\JLYHQWRWKHPHWDOVXUIDFHLVDEVRUEHGE\WKHVXUIDFHDVKHDWIOX[
7KHWRWDOKHDWIOX[T WRWKHVXUIDFHLVWDNHQDVDORDGERXQGDU\FRQGLWLRQ 7KHFRQYHFWLRQWHUPVFDQEH VHSDUDWHG DV
RQHIURPWKHPHWDOVXUIDFHDVDSDUWRIKHDWIURP WKHERG\>KU@7DQGRQHDVDORDGWHUP>KU@7ɲ
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>KU@7 KU7 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7[ DVVXPLQJ[ LV WKHVXUIDFHRIV\PPHWU\RUQRFRQGXFWLRQ
KHDWIORZVXFKDVLQVXODWHG ,QVRPHDQDO\VLVSDFNDJHVVXFKDV$QV\V LIQRERXQGDU\FRQGLWLRQLVVSHFLILHGRQD
VXUIDFHLWLVDVVXPHGWREHLQVXODWHG
 )LQLWHHOHPHQWIRU VLPXODWLRQ
$VWKH ZHOGLQJSURFHVVLVDWUDQVLHQWKHDWFRQGXFWLRQSUREOHPWKHIXQFWLRQDOLQ*DOHUNLQ¶VIRUPXODWLRQZLWK ʔWKH
YLUWXDOWHPSHUDWXUHILHOG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7KH4WHUPJLYHVWKHERG\LQWHUQDOKHDWJHQHUDWHGOLNHODWHQWKHDW YHFWRU ^4ERG\`
7KHODVWWHUPJLYHVWKHERG\ KHDWFDSDFLW\ PDWUL[>&@LQWHUPVRIWKHWLPHGHULYDWLYHVRIWHPSHUDWXUH
7KHVHFRQGLQWHJUDOJLYHVWKHWKHUPDOORDGGXHWRKHDW IOX[RQWKHVXUIDFH^T`
7KHILUVWWHUPLQWKHUG LQWHJUDOJLYHVWKHWKHUPDOVWLIIQHVVPDWUL[GXHWRFRQYHFWLRQ>.FRQY@
$QGWKHQG WHUPLQWKHLQWHJUDOJLYHVWKHFRQYHFWLYHORDGGXHWRWKHILOP FRHIILFHQW^K`
)LQDOO\WKHVWLIIQHVVPDWUL[>.@ >.FRQG@ >.FRQY@
$QGWKHORDGYHFWRULV^4` ^4ERG\` ^T` ^K`
7KHKHDW HQHUJ\ HTXDWLRQVLQWHQVRUIRUP WKH HOHPHQWDOWUDQVLHQWKHDWHTXDWLRQLVREWDLQHGDQGODWHUVXPPHGWRJHW
WKHV\VWHPHTXDWLRQZKLFKLVDQDO\VHGZLWKWLPH
>.7@^7`>7@^7W` ^47` 
(TXDWLRQ FDQEHVROYHGQXPHULFDOO\ZLWKVWDQGDUG)(0PRGHOVZLWK&UDQN1LFKROVRQRU(XOHUWLPHLQWHJUDWLRQ
PRGHOV$QLQLWLDOWHPSHUDWXUH 7L LVDVVXPHG .& DQG 4 DUHFDOFXODWHGDWWKDWWHPSHUDWXUHDQGWKHQH[WWHPSHUDWXUH
7 DWLLVREWDLQHG$JDLQ .& 	 4 DUHFDOFXODWHGDQGWHPSHUDWXUHDWQH[WWHPSHUDWXUHLQWHUYDOLVFDOFXODWHG7KH
LWHUDWLRQ LV FRQWLQXHG IRU FRQYHUJHQFH RI WHPSHUDWXUH RU KHDW IOX[ YDOXHV7KLV LV D SURFHGXUH IRU WUDQVLHQW ILQLWH
HOHPHQW DQDO\VLV ,Q WKH SUHVHQW VWXG\ WKH ZRUN LV GRQH XVLQJ$QV\V 7KRXJK WKH FRQGXFWLYLW\ VSHFLILF KHDW	
GHQVLW\DUHVKRZQDVFRQVWDQWVWKH\DUHWDNHQDVWHPSHUDWXUHGHSHQGHQW6LQFHWHPSHUDWXUH LVWLPHGHSHQGHQW LQD
ZHOGLQJSURFHVVWKHHYDOXDWLRQEHFRPHVTXDVLVWDWLF
 )LQLWHHOHPHQWPRGHO
7KHILQLWHHOHPHQWPRGHORIGLPHQVLRQV  PP;PP;  PPLVXVHG7KH$,6,DXVWHQLWLFVWDLQOHVVVWHHO
DQG&RSSHU PDWHULDOV ZHUH FRQVLGHUHGIRUVLPXODWLRQVWREHFDUULHGRXW7KHFRQYHFWLRQLVDSSOLHGRQDOOWKHVXUIDFH
RIWKHSODWHH[FHSWRQWKHKHDWDSSOLHGDUHD ,QWKHSUHVHQWVWXG\$,6,W\SHVWDLQOHVVVWHHO DQG&RSSHUDUH XVHG
DVLWLVKDYLQJPDQ\DGYDQWDJHVVXFKDVORZWKHUPDOFRQGXFWLYLW\KLJKUHVLVWDQFHRIFRUURVLRQDQGKLJKVWDELOLW\DW
HOHYDWHG WHPSHUDWXUHV 7KXV 66 PDWHULDO ERG\ ZLWK FRSSHU WXEHV FRQQHFWHG DUH ZLGHO\ XVHG LQ QXPHURXV
LQGXVWULHV QXFOHDU UHDFWRUVFKHPLFDOSODQWVDHURQDXWLFDODQGVSHFLDOL]HGSLSH LQGXVWU\ 7KHSURSHUWLHVRIDW\SLFDO
VWDLQOHVV VWHHO DQG &RSSHU PDWHULDO DUH JLYHQ LQ 7DEOH  DV SHU $NHOOD HWDO  7KH WHPSHUDWXUH GHSHQGHQW
WKHUPDOSURSHUWLHVIRU$,6,VWDLQOHVVVWHHOPDWHULDODUHJLYHQLQ7DEOH
7DEOH0HFKDQLFDOSURSHUWLHVRI$,6,6WHHO 	&RSSHU
0DWHULDO 7HQVLOH
VWUHQJWK
<LHOG
VWUHQJWK 'HQVLW\
0HOWLQJ
SRLQW
7KHUPDO
FRQGXFWLYLW\
66 03D 03D NJP R. 
&X03D 03D .JP  R. 
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7DEOH  7HPSHUDWXUHGHSHQGHQWWKHUPDOSURSHUWLHVIRU$,6,$XVWHQLWLFVWDLQOHVVVWHHOV
61R 7HPS. 7KHUPDOFRQGXFWLYLW\:P R .
'HQVLW\
.JP
6SHFLILFKHDW
-.J.
    
    
    
    
    
    
    
    
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7KHUPDO$QDO\VLV
7KHWKHUPDODQDO\VLVKDVEHHQFDUULHGRXWZLWK*DXVVLDQKHDWIOX[ZKHUHWKHWKHUPDOORDGLVDSSOLHGDWDWLPHRQWKH
ZHOG DUHD $IWHU WKH ZHOGLQJ SURFHVVHV LV FRPSOHWHG WKH WKHUPDO ORDG VWHS LV SURJUHVVLYHO\ LQFUHDVHG XS WR
WLPH VHFWRDOORZWKHSODWHWRFRROGRZQWRDPELHQWWHPSHUDWXUH,QWKHSUHVHQWZRUN)LQLWH(OHPHQW$QDO\VLV
RIVLQJOHSDVVEXWWZHOGLQJKDVEHHQFDUULHGRXWZLWK*DXVVLDQKHDWIOX[ZLWKKHDWLQSXW4 :LVFRQVLGHUHG
DQGKDVEHHQVLPXODWHGXVLQJ$16<6
7KHSUHVHQW WKHUPDO DQDO\VLV LQ$QV\V LVFRQGXFWHGXVLQJHOHPHQW W\SH62/,'7KLVHOHPHQW W\SHKDVD WKUHH
GLPHQVLRQDOWKHUPDOFRQGXFWLRQFDSDELOLW\DQGHLJKWQRGHVZLWKVLQJOHGHJUHHIUHHGRPWHPSHUDWXUHDWHDFKQRGH
)LJXUHJLYHVWKHPRGHOXVHGIRUDQDO\VLVWKHILJXUHVKRZVIRUDQH[DPSOHZKHUHWKHEHDGZLGWKLV PP)LJXUH
VKRZVWKHPHVKHGPRGHO
)LJ*HRPHWU\RIWKHPRGHO
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)LJ0HVKLQJRIWKHPRGHO
7KH HOHPHQW LV DSSOLFDEOH IRU WKUHH GLPHQVLRQDO VWHDG\VWDWH RU WUDQVLHQW WKHUPDO DQDO\VLV 7KH HOHPHQW FDQ DOVR
FRPSHQVDWH IRU PDVV WUDQVSRUW KHDW IORZ IURP D FRQVWDQW YHORFLW\ ILHOG ,Q WKLV DQDO\VLV HOHPHQW 62/,'  LV
UHSODFHGZLWKE\ D WKUHHGLPHQVLRQDO ' VWUXFWXUDO HOHPHQW62/,'7KH HOHPHQW LV GHILQHGE\ HLJKW QRGHV
KDYLQJ WKUHH GHJUHHV RI IUHHGRP DW HDFK QRGH WUDQVODWLRQV LQ WKH QRGDO [ \ DQG ] GLUHFWLRQV 7KH HOHPHQW KDV
SODVWLFLW\FUHHSVZHOOLQJVWUHVVVWLIIHQLQJODUJHGHIOHFWLRQ DQGODUJHVWUDLQFDSDELOLWLHV
$VVXPSWLRQV
x 7KHUPDOSURSHUWLHVLHFRQGXFWLYLW\VSHFLILFKHDWGHQVLW\DUHWHPSHUDWXUHGHSHQGHQW
x $FRPELQHGFRQYHFWLRQDQGUDGLDWLRQERXQGDU\FRQGLWLRQLVXVHGRQWKHWRSVXUIDFH
x 66SURSHUWLHVZHUHDYDLODEOHIURPOLWHUDWXUH DQGIRU &RSSHU YDOXHVZHUH LQWHUSRODWHG
x &RQVWDQW KHDWIOX[ ZDV XVHGIRUIXVLRQ ZHOGLQJ
x )RUWKHVWUXFWXUDODQDO\VLVDOOWKHIRXUHGJHVDUHFRQVWUDLQHG
 7KHUPDODQDO\VLV
7KH WHPSHUDWXUHGLVWULEXWLRQZDVHYDOXDWHGDWYDULRXV]RQHV LH IXVLRQ]RQH)=KHDWDIIHFWHG]RQH +$=DQG
EDVHSODWH%37KH'WHPSHUDWXUHGLVWULEXWLRQLVVKRZQLQ)LJ$WWLPHW WKHZHOGVWDUWVZLWKDOOWKHFRQVWDQW
KHDW4JLYHQDV LQSXWRQ WKHVXUIDFHRIZHOGUHJLRQ 7KH WHPSHUDWXUHGLVWULEXWLRQVRI WKHZHOGPHQWV LVVKRZQLQ
)LJVWKH IXVLRQ]RQH LVUHGLQ FRORU+$=LV\HOORZDQGWKH UHVWLV LQEOXH FRORU RYHUWKHEDVHSODWH
)LJ1RGDOWHPSHUDWXUHRIWKHZHOGPHQW
&X
66
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)LJ 7UDQVYHUVH'LVWULEXWLRQRI7HPSHUDWXUH
)LJ7HPSHUDWXUH'LVWULEXWLRQRIWKH)=DQG%DVH3ODWH
66DW)=
&X DW)=
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)LJ)XVLRQ=RQHWHPSHUDWXUHVRIFRSSHUVWDLQOHVVVWHHO	FRSSHUWRVWDLQOHVVVWHHO
,Q)LJ WKH WUDQVYHUVHKHDWGLVWULEXWLRQLVVKRZQ,QWKHZHOGDUHDWKHWHPSHUDWXUHKDVUHDFKHG DFRPPRQSHDN
7KHFRSSHUSODWHUHDFKHVDPELHQWWHPSHUDWXUH ILUVW:KHUHDVWKH66 SDUWZRXOGWDNHPRUHWLPHWRFRPHWRDPELHQW
WHPSHUDWXUH ,Q )LJ  WKH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH WUDQVYHUVH GLUHFWLRQ RQ WKH VXUIDFH RI WKH ZHOGPHQW LV
VKRZQ 7KRXJK WKH JHRPHWU\ KHDW IOX[ 	 ERXQGDU\ FRQGLWLRQV DUH V\PPHWULFDOO\ GLVWULEXWHG WKH WHPSHUDWXUH LV
IRXQGWREH DV\PPHWULF 7KHWHPSHUDWXUHLVIRXQGWRYDU\IURP . LQ EDVHSODWHDQGXSWR   .LQWKHIXVLRQ
]RQHZLWKWKHDSSOLHGKHDWLQSXWSDUDPHWHUVLQWKHGHYHORSHGPRGHO
)LJ  JLYHV WKH FRPSDULVRQ EHWZHHQ PD[LPXP WHPSHUDWXUHV IRU VDPH KHDW RI  .: XQGHU VDPH ERXQGDU\
FRQGLWLRQV 66SODWHVUHDFKR. ZKHUHDV WKH FRSSHU SODWHVUHDFK RQO\R.GXHWRWKHKLJKFRQGXFWLYLW\
WLPHV WKDWRI66 WKH KHDW GLVVLSDWHV IDVWDZD\IURPIXVLRQ]RQH/DVWO\ IRU WKHGLVVLPLODU ZHOG66 WR&XUHDFKHV
R.,WLVLPSRUWDQWWRVHHWKDW66RQRQHHQGPRGHUDWHVWKHKHDW IORZ LWDFWVDVDSDUWLDOLQVXODWRUDQGJLYHVD
ERRVW WR WKH IXVLRQ WHPSHUDWXUH FRPSDUHG WRZKHQ WKHRWKHU SODWH LV DOVR FRSSHU$V D UHVXOW WKH66SODWH ORRVHV
DERXW R&ZKHUH DV LQ WKH&XSODWHWKHUHLVDQLQFUHDVHRI R&
'LVWRUWLRQ DQDO\VLV
)LJ  JLYHV D ' GLVWRUWLRQ ILHOG DJDLQ D FORVH ORRN UHYHDOV WKH DV\PPHWULF QDWXUH RI GLVWRUWLRQ 66 GLVWRUWHG
FRPSDUHGWRWKH&RSSHUSDUW 'HWDLOHGLQ)LJ &RSSHUDORQHGLVWRUWVWKHOHDVWHP &RPELQHG66DQG&X KDYH
GRXEOHG WKHGLVWRUWLRQDQG66DORQHKDVDGLVWRUWLRQRIDERXWWLPHVWKDWRI&X66
5HVLGXDOVWUHVV DQDO\VLV
7KHHVWLPDWHRIUHVLGXDOVWUHVVHVLV DQDO\]HGLQDOOWKHUHJLRQV'XHWRWKHYDULDQFHLQWKH WHPSHUDWXUHJUDGLHQW WKH
WKHUPDOGHSHQGHQWPDWHULDOSURSHUWLHVDUHJLYHQLQWKHPRGHO $VWUHVVDFWLQJQRUPDOWRWKHGLUHFWLRQRIZHOGEHDGLV
NQRZQDVD WUDQVYHUVH UHVLGXDO VWUHVV )LJJLYHV WKH WUDQVYHUVH VWUHVVGLVWULEXWLRQRYHU WKHSODWHZKLFKVKRZVD
WHQVLOH VWUHVV 03DZKLFK LV IRUD VKRUWGLVWDQFHDFURVV WKH+$=7KHYDOXHFKDQJHV WRFRPSUHVVLYH VWUHVVRI
DERXW 03DIRUWKHUHVWRIWKHSODWHXSWRWKHHGJH$WWKHHGJHWKHIUHHHQGFDXVHV]HURVWUHVV 7KHPD[LPXP
VWUHVVYDOXHLVDERXW 03DLVPXFKEHORZWKH\LHOGVWUHVV)LJXUHJLYHVWKHFRPSDULVRQRIPD[LPXPVWUHVV
YDOXHIRUWKHWKUHHFDVHV66DORQHKDV03D&XVWUHVVLQFUHDVHWR03D:KHUHDVDWWKHZHOGSRUWLRQWKH
FRPELQHG66DQG&XSODWHVKDYHDPD[LPXPVWUHVVYDOXHRI 03D
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)LJ 'LVVLPLODUGLVWRUWLRQRIWKHZHOGPHQW
)LJ 6WUHVVHVGLVWULEXWLRQLQWUDQVYHUVHGLUHFWLRQ
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)LJ  'LVWRUWLRQ&RPSDULVRQ )LJ6WUHVV&RPSDULVRQ
 &RQFOXVLRQV
$'PRGHORI66 DQG&RSSHUSODWHVMRLQLQJE\ZHOGLQJZDVVLPXODWHG $)LQLWHHOHPHQWTXDVLVWDWLFVHTXHQWLDO
DQDO\VLV LV GRQHXVLQJ$QV\VVRIWZDUH $VH[SHFWHGWKHKLJKWKHUPDOFRQGXFWLYLW\RIFRSSHUUHWDUGVWKHFRSSHUSODWH
DWWDLQLQJ LWV PHOWLQJSRLQW 7HPSHUDWXUHGLVWULEXWLRQGLVWRUWLRQ	UHVLGXDOVWUHVVHVDUHFDOFXODWHG,QGLYLGXDOSORWV
DUHVKRZQLQWKHWUDQVYHUVHGLUHFWLRQWRVKRZWKHYDULDWLRQLQWKHFRSSHUUHJLRQWRWKHVWHHOUHJLRQ 2XUIXUWKHUZRUN
LV WR GR SURFHVV GHVLJQ RI H[SHULPHQWV VWXG\ WR PDNH WKHVH YDULDWLRQV PRUH XQLIRUP E\ FRQWUROOLQJ FULWLFDO
SDUDPHWHUV
$FNQRZOHGJHPHQWV
7KHDXWKRUVDFNQRZOHGJHWKHVXSSRUWIURP7KH%RDUGRI5HVHDUFKIRU)XVLRQ6FLHQFHDQG7HFKQRORJ\%5)67IRU
VDQFWLRQLQJWKHJUDQW1)30$7$IRUFUHDWLQJVLPXODWLRQVWXGLHV RQZHOGLQJSURFHVVHVIRU66PDWHULDOXQGHU
1DWLRQDO)XVLRQ3URJUDPPH
5HIHUHQFHV
5DPDPXUWK\*$SSOLHG)LQLWHHOHPHQW$QDO\VLV,.,QWHUQDWLRQDO3XEOLVKLQJ+RXVH1HZ'HOKL
7LUXSDWKL5&KDQGUDSXWOD$VKRN '%HOHJXQGX,QWURGXFWLRQWR)LQLWH(OHPHQWVLQ(QJLQHHULQJ3+,/HDUQLQJ3YW/LPLWHG1HZ'HOKL

6XUHVK$NHOOD%.5DPHVK  7,* ZHOGLQJWRMRLQGLVVLPLODUPDWHULDOV&RSSHUWR66 3DSHU,',&$ ,QWHUQDWLRQDO :HOGLQJ
6\PSRVLXP,:6  GXULQJ2FWREHU1RYHPEHUVWKHOGDW 0XPEDL,QGLD
7XUNVL 0 (GZDUGV /  5HVLGXDO VWUHVV PHDVXUHPHQW RI D O VWDLQOHVV VWHHO EHDG ±RQ SODWH VSHFLPHQ XWLOL]LQJ FRQWRXU PHWKRG
,QWHUQDWLRQDOMRXUQDORISUHVVXUHYHVVHOVDQGSLSLQJ
*ROGDN-$%&KDNUDYDUWLDQG0-%LEE\ D QHZILQLWHHOHPHQWPRGHOIRUZHOGLQJKHDWVRXUFHV 0HWDOOXUJLFDO 7UDQVDFWLRQV % 

6XUHVK$NHOOD%5DPHVK.XPDUDQG9+DULQDGK6LPXODWLRQVWXGLHVRQWHPSHUDWXUHDQGWKHUPDOVWUHVVHVGXULQJ&RQGXFWLRQ0RGHDQG
.H\KROH0RGHLQ/DVHU%HDP:HOGLQJE\)(0 VW ,QWHUQDWLRQDO&RQIHUHQFHRQ6WUXFWXUDO,QWHJULW\ 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 .DOSDNDP ,QGLD DQG
)HEUXDU\ 
6DFKLQ6HWDO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